Abstract The objectives of this work were to (a) investigate the short-term effects of applications of mineral fertilizer, municipal solid waste (MSW) compost, and two sewage sludges (SSs) subjected to different treatments (composting and thermal drying) on microbial biomass and activity of soil by measuring microbial biomass C, adenosine 5′-triphosphate content, basal respiration, and dehydrogenase, catalase, urease, phosphatase, β-glucosidase, and N-α-benzoyl-L-argininamide-hydrolyzing activities and (b) explore the relationships between soil microbiological, biochemical, and chemical properties and wheat yields under semiarid field conditions by principal component analysis.
Introduction
Organic amendments such as municipal solid waste (MSW) and sewage sludge (SS) are added to agricultural soils, so as to use their plant nutrient and organic matter contents (Clapp et al. 2007) . Current guidelines and regulations require MSW and SS to be properly treated before land application to reduce pathogens, minimize environmental risks, and enhance agronomic performances (e.g., CEC 1986; US EPA 1993 . Composting represents an established treatment option, by which MSW and SS are subjected to controlled aerobic conditions designed to promote the biological degradation and transformation of organic matter into a humus-like product (Epstein 1996) . During the last years, however, thermal drying has been increasingly applied in wastewater treatment plants as an advanced technology to transform fresh SS into a dry and pasteurized granular product by a short and intense heating (Turovskiy and Mathai 2006) .
Depending on the nature and treatment, organic amendments may affect size and activity of soil microflora. Soil microorganisms are essential to agricultural ecosystems, playing a paramount role in cycling C and nutrients and therefore affecting soil fertility (Nannipieri et al. 2002) . Elucidating the intricate interrelationships of microbiota, fluxes of C and nutrients, and crop production in soils amended with municipal wastes is thus of intrinsic importance to better understand the agronomic performance and environmental impact of these wastes.
The literature on the effects of amendment with MSW and SS composts on soil microbial biomass and activity is extensive. Most studies have consistently shown enhancements of soil microbial biomass C, basal respiration, and enzyme activities, with variations in soil microbial community structure (Perucci 1992; García-Gil et al. 2000 Crecchio et al. 2001 Crecchio et al. , 2004 Ros et al. 2006; Bastida et al. Electronic supplementary material The online version of this article (doi:10.1007/s00374-011-0620-y) contains supplementary material, which is available to authorized users.
2008). However, since thermal drying has gained popularity in recent years, there are relatively few available data on the use of thermally dried SS in agriculture.
Recently, Fernández et al. (2007) conducted a 60-day laboratory incubation experiment to investigate organic C mineralization kinetics in an arid soil amended with either thermally dried or composted SS. Results obtained indicated markedly faster mineralization rates in the soil treated with thermally dried SS, suggesting a larger addition of easily biodegradable compounds and smaller biological stability of this material. In a subsequent mid-term field plot experiment, thermally dried SS and composted SS were applied to a barley cropped semiarid Mediterranean soil either once at the beginning of the experiment or for three consecutive years at rates of 20 and 80 t ha −1 year −1 (Fernández et al. 2009 ). The effects of these applications on soil microbial biomass C and dehydrogenase, catalase, and urease activities, as well as on barley yield and some main soil chemical properties, were measured after the third barley crop. Thermally dried and composted SS applied annually at high rates caused the highest increases of soil organic C contents but also significant decreases in crop yields, as well as in microbial biomass C and enzyme activities. In contrast, the addition of thermally dried SS and especially of composted SS at low rates resulted in better barley yield responses and significantly increased microbial biomass C.
In the present study, we conducted a comprehensive field experiment to test the hypothesis of a potential positive shortterm response of soil fertility to a single moderate application of currently relevant organic municipal wastes, such as MSW compost, SS compost, and thermally dried SS, in relation to the biological stability and chemical quality of these materials and to the changes induced in soil chemical, biological, and biochemical properties. In particular, the objectives of this work were (a) to investigate the effects of amendment with MSW compost, SS compost, and thermally dried SS, as compared to those of mineral fertilization and no amendment, on soil microbial biomass and activity measuring microbial biomass C, adenosine 5′-triphosphate, basal respiration, and dehydrogenase, catalase, urease, phosphatase, β-glucosidase, and N-α-benzoyl-L-argininamide-hydrolyzing activities and (b) to explore the relationship between the soil microbial biomass and activity, chemical properties, and wheat yield under semiarid field conditions.
Materials and methods

Site, soil, and amendments
The site of the research is in the farm "La Poveda" (Spanish Research Council) in Madrid province, Spain (40°19′ N, 3°29′ W, 535 m above sea level), and it is characterized by a Mediterranean climate (average annual rainfall of 436 mm and average annual temperature of 14°C); it is located on a clay loam soil classified as a Xerofluvent (Soil Survey Staff 2010). The MSW compost and SS compost used in the study were collected from two waste treatment facilities located in Toledo and Madrid, respectively, which employ a windrow composting system. In particular, the MSW compost originated from a pile of cardboard, paper, food and yard wastes, and other organic solids after 2 months of composting, whereas the composted SS was taken from a mixture of three sludges from the municipal wastewater treatment plants in Madrid after 3 months of composting without any bulking agent. The thermally dried SS was obtained from a wastewater treatment plant also located in Madrid, where it was produced by heating SS with a stream of hot air at 380-450°C. The chemical properties of these materials are listed in Table 1 . Total metal concentrations found for the two SS materials were generally much higher than those for MSW compost. Total organic C and total N contents of thermally dried SS were higher than those of MSW compost and SS compost. As a consequence of the lower total N contents of the MSW compost, its C/N ratio, as compared to those of the SSs, was higher and closer to the range of 10 to 12 generally reported for soils (Stevenson 1994) . The biological stability and chemical quality of the organic matter present in the amendments used in this work have been described by Fernández et al. (2011) . Briefly, laboratory incubation with measurement of respired C as well as thermal and spectroscopic data indicated that the organic matter in the thermally dried SS was the least stable, while that in the SS compost was the most stable. Differences were especially pronounced for thermally dried SS, which showed a remarkable loss of aliphatic and proteinaceous compounds during mineralization.
Field experiment
The experiment was set up as a randomized complete block design with four replicates. All plots (15×3 m 2 ) were planted with winter wheat (Triticum aestivum L.) in late November in rows 12.5 cm wide at a seeding rate of 190 kg ha of NH 4 NO 3 at tillering. The organic amendments were hand broadcast prior to planting at a rate of 30 t ha , which according to a previous study can be considered typical of agriculture and moderate (Fernández et al. 2009 ). The organic amendments and the mineral fertilizer applied before planting were immediately incorporated into the upper 15 cm of soil with a rotary tiller.
At wheat physiological maturity (late June), samples of the aboveground biomass were taken from two 0.5-m-long sections of three rows from each plot. Soon after wheat sampling, bulk soil samples representative of the plow layer (0-15 cm depth) were collected randomly from each plot. Prior to analysis, soil samples were crushed and passed through a 2-mm sieve. Soil subsamples for microbiological and biochemical analyses were stored at 4°C.
Wheat yield
Each whole wheat plant sample was weighed and threshed. The grain was then weighed separately from the straw. Moisture contents of the grain and straw were determined by heating for 24 h at 105°C. The harvest index was calculated as the percentage of grain in the total aboveground biomass.
Chemical analysis
Soil chemical properties were determined by conventional methods (Sparks et al. 1996) . Briefly, soil pH was measured in water suspensions at a soil-to-water ratio of 1:2.5. Electrical conductivity (EC) was measured on water extracts obtained at a soil-to-water ratio of 1:5. Total organic C (TOC) and total N contents were determined by dry combustion using a Thermo Scientific FlashEA 1112 N and C analyzer (Waltham, MA, USA).
Humic acid C and fulvic acid C were determined by a modified method of Ciavatta et al. (1988) . Two grams of 0.5-mm ground sample was treated with 40 mL 0.1 M Na 4 P 2 O 7 and 0.1 M NaOH solution and shaken for 4 h at room temperature. The supernatant was then separated from the residue by centrifugation (15,000×g) and filtration and analyzed for organic C using a Shimadzu TOC-VCSH analyzer (Kyoto, Japan). Twenty-five milliliters of the supernatant was acidified to pH 1 with 95-98% H 2 SO 4 to allow the precipitation of the humic acid fraction. The acidic supernatant (fulvic acid C fraction) was separated from the residue by centrifugation (15,000×g) and analyzed for the organic C content. Humic acid C content was calculated by subtracting the fulvic acid C content from the organic C content of the alkaline supernatant.
Water-soluble organic C, carbohydrates, and proteins of soil were analyzed on water extracts obtained at a soil-to-water 
EC electrical conductivity, TOC total organic C, HAC humic acid C, FAC fulvic acid C, WEC water-extractable C, WCH water-soluble carbohydrates, WPR water-soluble proteins, MSW municipal solid waste, SS sewage sludge ratio of 1:10. Water-soluble organic C was determined with a Shimadzu TOC-V CSH analyzer (Kyoto, Japan). Water-soluble carbohydrates were determined spectrophotometrically by the anthrone method (Brink et al. 1960 ) and expressed as glucose C equivalents. Water-soluble proteins were determined by the method of Lowry et al. (1951) based on the Folin-Ciocalteu reagent and expressed as albumin equivalents. Available P in soil was analyzed by continuous flow colorimetry after extraction with a calcium magnesium carbonate buffer (Burriel and Hernando 1950) . Available K, Ca, and Mg contents were determined by inductively coupled plasma atomic emission spectroscopy (ICP-AES) after extraction with ammonium acetate (Sparks et al. 1996) . Available Fe, Mn, Cu, and Zn contents were determined by ICP-AES after extraction with diethylenetriaminepentaacetic acid (Lindsay and Norvell 1978) .
Microbiological and biochemical analysis
Before microbiological analyses, the soil samples were incubated aerobically for 24 h at 25°C and approximately 60% of water holding capacity. Soil microbial biomass C was determined by the fumigation-extraction method of Vance et al. (1987) . The extracts were analyzed for organic C using a Shimadzu TOC-VCSH analyzer (Kyoto, Japan). Microbial biomass was estimated as 2.33 times the difference of organic C extracted from fumigated soil minus organic C extracted from nonfumigated soil (Martens 1995) . The amount of adenosine 5′-triphosphate (ATP) in soil was measured by bioluminescence at pH 7.4 after extraction with 0.6 M H 2 SO 4 and 52.6 mM 3-(N-morpholino) propane sulfonic acid (Maire et al. 1999) . Basal respiration was determined by measuring O 2 consumption during soil Fig. 1 Aboveground biomass, grain yield, and harvest index of wheat from soils unamended (UN) and amended with mineral fertilizer (MF), municipal solid waste compost (MC), sewage sludge compost (SC), and thermally dried sewage sludge (TS). Error bars denote one standard error of the mean. Different letters indicate statistically significant differences at the 0.05 probability level according to the Fisher's least significant difference test Different letters indicate statistically significant differences at the 0.05 probability level according to the Fisher's least significant difference test EC electrical conductivity, TOC total organic C, HAC humic acid C, FAC fulvic acid C, WEC water-extractable C, WCH water-soluble carbohydrates, WPR water-soluble proteins, UN unamended soil, MF mineral fertilized, MC municipal solid waste compost, SC sewage sludge compost, TS thermally dried sewage sludge incubation in closed bottles for 14 days at 20°C and 60% of water holding capacity using a WTW OxiTop system (Weilheim, Germany). Metabolic quotient was calculated as the ratio of basal respiration to microbial biomass C. Dehydrogenase activity was determined by measuring spectrophotometrically the amount of iodonitrotetrazolium formazan formed after soil incubation with 2-p-iodophenyl-3-p-nitrophenyl-5-phenyltetrazolium chloride for 20 h at 22°C (García et al. 1993) . Catalase activity was determined by measuring the H 2 O 2 decomposition rate during soil incubation with H 2 O 2 for 10 min at 20°C (Johnson and Temple 1964) . Urease activity was determined by measuring the rate of NH 4 + released during soil incubation with urea for 90 min at 30°C (Nannipieri et al. 1980) . N-α-Benzoyl-L-argininamide (BAA)-protease activity was determined by measuring the rate of NH 4 + released during soil incubation with BAA for 90 min at 39°C and pH 7 (Nannipieri et al. 1980) . Phosphatase activity was determined by measuring the rate of p-nitrophenol (PNP) formation during soil incubation with p-nitrophenyl phosphate disodium for 90 min at 37°C and pH 6.5 (Tabatabai and Bremner 1969) . β-Glucosidase activity was determined by measuring the rate of PNP formation during soil incubation with p-nitrophenyl-β-D-glucopyranoside for 90 min at 37°C and pH 6.5 (Tabatabai 1982) . We also calculated ratios between enzyme activities and microbial biomass C (Landi et al. 2000) .
Statistical analysis
Analysis of variance (ANOVA) was used to test whether effects of the experimental treatments on soil microbiological, biochemical, and chemical properties and crop yield were significant. When effects were significant at the 0.05 probability level, means for factors were separated using the Fisher's least significant difference (LSD) test. Linear regression analysis was performed to explore the relationships between the examined variables (a correlation matrix with all the Pearson correlation coefficients is given in Online Resource 1). The data were also subjected to a principal component analysis (PCA) with a varimax rotation to group the correlated variables to the smallest possible subsets representing the majority of variation. Only principal components with eigenvalues higher than 1 were retained. Variables with loading higher than 0.5 were considered important contributors to define each principal component. Finally, ANOVA and LSD test were used on the factor scores to identify significant differences between treatments. All statistical analyses were performed using SPSS 18.0 (Somers, NY, USA). 
Results and discussion
Wheat yield
The aboveground biomass, grain yield, and harvest index of wheat as affected by treatments examined are shown in Fig. 1 . Differences in the aboveground biomass between treatments were not significant. Grain yield in treatments MF and TS declined with respect to the control by 21.6% (not significant) and 31.7%. As a result, the harvest index (i.e., percentage of grain in the total biomass) showed no significant change under mineral fertilization and amendment with SS compost compared to the null control but increased significantly with MSW compost and decreased significantly with thermally dried SS. Proper compost applications are widely accepted to promote long-term sustainable crop production (Mantovi et al. 2005; Diacono and Montemurro 2010) . However, in the short term, the effects on crop yields compared to those of mineral fertilizers and unamended controls depend on the compost type, soil characteristics, application rate, and climatic conditions. For example, Erhart et al. (2005) have reported similar results, with very small crop yield responses to compost applications at the beginning of a 10-year field experiment in eastern Austria. Poor short-term yield response to compost is commonly ascribed to water deficit, asynchrony between timing of compost N mineralization and crop needs, low application rates, and/or high basal soil fertility level (Senesi 1989; Erhart et al. 2005; Evanylo et al. 2008) .
Previous field studies that used thermally dried SS as amendment showed enhancement of crop yields with respect to the use of no treatment (Gavalda et al. 2005 ) and even mineral fertilizers (Fernández et al. 2009 ). In the present study, the decreases of wheat grain yield and harvest index with the MF treatment and especially with thermally dried SS application might be attributed to an excess of N. Too high N amounts can increase vegetative growth and water use, and can lead to drought stress during grain fill, especially in semiarid climates (Rasmussen and Rohde 1991) . Tables 2 and 3 . The unamended soil exhibited a moderately alkaline pH; low EC; small total N and TOC contents; high C/N ratio; medium values of available P, K, and Mg; high available Ca content; low available levels of Fe and Zn; and sufficient levels of Mn and Cu (Marx et al. 1999 ). Except for a higher P availability, the chemical properties of the mineral-fertilized soil did not differ significantly from those of the unamended soil. In contrast, the soil treated with MSW compost showed larger contents of TOC, humic acid C, fulvic acid C, water-soluble C, proteins, and available K, Fe, and Zn than the unamended soil, which may be generally related to the exogenous incorporation of these organic and inorganic fractions present in the amendment.
With respect to the control treatment, the application of SS compost and especially thermally dried SS significantly decreased soil pH and increased EC. As already shown (Dowdy et al. 1991; Logan et al. 1997) , the pH decrease could be attributed to the formation of organic acids during SS degradation and oxidation of N and S compounds, whereas the EC increase could be caused by the addition of soluble salts and organic matter mineralization. The soils treated with composted and thermally dried SS had higher water-soluble C, protein, and available Fe, Cu, and Zn contents than the unamended soil. In addition, the soil amended with SS compost had higher contents of humic acid C and available P and K, whereas the thermally dried SS-treated soil exhibited a significantly higher available Mn content.
Despite being richer in organic matter than the SS compost and containing as much as organic C as the MSW compost, the thermally dried SS caused the smallest changes in soil organic matter contents. These results are consistent with those reported by Fernández et al. (2007 Fernández et al. ( , 2009 ) and indicate the occurrence of more intense mineralization processes in the soil amended with thermally dried SS than in the compost-amended soils.
Soil microbiological and biochemical properties
Soil microbial biomass C and ATP contents and ratio of microbial biomass C to TOC were not significantly different between treatments (Table 4) . Application of organic amendments for a longer time than that of our study, however, has been found to stimulate microbial growth (García-Gil et al. 2000; Chakraborty et al. 2011) .
However, as compared to the unamended and mineralfertilized soils, the organically amended soils, especially those with SS and particularly with thermally dried SS, exhibited higher basal respiration (Table 4) , which suggests a higher microbial activity probably due to the stimulating effect of the added decomposing organic matter (Alef and Nannipieri 1995; Ryan and Law 2005) . Further, the metabolic quotient value increased significantly (P<0.05) Different letters indicate statistically significant differences at the 0.05 probability level according to the Fisher's least significant difference test INTF iodonitrotetrazolium formazan; BAA N-α-benzoyl-L-argininamide; PNP p-nitrophenol, DEH dehydrogenase activity, MBC microbial biomass C, CAT catalase activity, URE urease, PRO N-α-benzoyl-L-argininamide-hydrolyzing activity, PHO phosphatase, GLU β-glucosidase activity, UN unamended, MF mineral fertilized, MC municipal solid waste compost, SC sewage sludge compost, TS thermally dried sewage sludge in the soils treated with SS and especially with thermally dried SS (Table 4 ). This result, together with the low values of microbial-biomass-C-to-TOC ratio measured in SS-amended soils, reflects an increased maintenance C demand and a less efficient energy use (Anderson and Domsch 2010). Previous studies also found higher metabolic quotient after SS amendment which could be explained in part by the stress caused by an increased level of heavy metals (Chander and Brookes 1991; Ortiz and Alcañiz 1993; Bardgett and Saggar 1994; Fernandes et al. 2005) .
With regard to soil enzymes (Fig. 2) , catalase activity, which has a detoxifying function by catalyzing the decomposition of hydrogen peroxide (Alef and Nannipieri 1995), and protease activity, which is involved in N cycling by catalyzing the hydrolysis of proteins (Alef and Nannipieri 1995), were not significantly affected by treatments. In contrast, with respect to the values measured for the unamended and mineral-fertilized soils, the application of MSW compost significantly (P<0.05) increased the dehydrogenase activity, which are oxidoreductases involved in the aerobic oxidation of organic substances and are considered to be a reliable index of overall microbial activity; urease activity, which catalyzes the hydrolysis of urea; phosphatase activity, which is involved in P mineralization by catalyzing the hydrolysis of phosphate esters; and β-glucosidase activity, which is involved in the microbial degradation of cellulose to glucose (Alef and Nannipieri 1995). Dehydrogenase and urease activities were also higher in the soil amended with thermally dried SS than in the unamended and mineral-fertilized soils, whereas the application of SS Loadings with an absolute value >0.5 are in bold (n=20)
HAC humic acid C, TOC total organic C, FAC fulvic acid C, WPR water-soluble proteins, PHO phosphatase activity, DEH dehydrogenase activity, WEC water-extractable C, GLU β-glucosidase activity, EC electrical conductivity, BR basal respiration, WCH water-soluble carbohydrates, CAT catalase activity, MBC microbial biomass C, ATP adenosine 5′-triphosphate, URE urease activity, PRO N-α-benzoyl-L-argininamide-protease activity.
compost only increased dehydrogenase activity with respect to the unamended control. Increased enzyme activities in organically amended soils are generally attributed to the increased inputs of organic substrates which stimulate microbial growth and enzyme synthesis (Dick 1992) . In the present study, microbial biomass C was not significantly different (P<0.05) between treatments (Table 4) , and enzyme activity/microbial biomass C ratios were generally higher for the organically amended soils than for the unamended and mineral-fertilized soils (Table 5 ). These results suggest that the synthesis of enzymes without microbial growth and/or an enhanced stabilization of extracellular enzymes by the organic materials added to soils were responsible for the increased enzyme activity.
Correlation and principal component analysis
Significant positive correlations were found between grain yield and available Mg (P<0.05), harvest index and pH (P< 0.01), and harvest index and available K and Mg contents (P<0.05), whereas there were significant negative correlations between wheat grain yield and EC (P<0.05), harvest index and EC (P<0.01), and harvest index and available Fe, Mn, and Cu contents (P<0.05, <0.001, and <0.001, respectively). Detrimental effects of salinity and excess metals on crops are extensively documented in the literature (e.g., Francois et al. 1986; Athar and Ahmad 2002) . However, in the present study, EC and diethylenetriaminepentaacetate (DTPA)-extractable micronutrient contents were low and did not reach levels that could adversely affect wheat growth (Francois et al. 1986; Karami et al. 2009 ). As discussed above, semiarid climatic conditions, inadequate N mineralization asynchrony between timing of compost N mineralization and plant N needs, and N overfertilization would provide a more plausible explanation for the trends of wheat yield. With regard to wheat yield parameters and soil microbiological and biochemical properties, no significant relationship was found between them, except for a weak negative correlation between harvest index and metabolic quotient (P<0.05) and a weak positive correlation between harvest index and PHO activity (P<0.05).
With the exception of water-soluble carbohydrates, all organic C fractions were significantly correlated with one another and with total N and TOC (P<0.001), indicating parallel trends. Plant-available micronutrients were negatively correlated to soil pH (P<0.001), suggesting that the decrease of the pH value was primarily responsible for the increase of micronutrient availability in SS-treated soils. In agreement with Basta et al. (2005) , pH is often the most important chemical property governing trace element sorption, precipitation, solubility, and availability in soils amended with organic wastes. Lowering pH causes the solubilization of metal hydroxides and carbonates and decreases metal adsorption on clay minerals, oxides, and organic matter (Smith 1994) . Several correlations were observed for soil microbiological and biochemical properties with one another and with soil chemical properties, especially with the organic C pools, which highlighted the close relationship between soil microorganisms and soil organic matter (e.g., Alef and Nannipieri 1995). In particular, microbial biomass C and ATP contents were significantly correlated with each other and with watersoluble C content and β-glucosidase activity (P<0.05); basal respiration was correlated with humic acid C, water-soluble C, and protein contents (P<0.05) and dehydrogenase and urease activities (P<0.01); and metabolic quotient was negatively correlated with pH (P<0.001) and positively with EC and available micronutrient contents (P<0.001), supporting previous researches which link increased maintenance C demand with increased salinity, reduced pH, and increased availability of metals (Anderson and Domsch 1993; Fließbach et al. 1994; Wichern et al. 2006) . Further, dehydrogenase, phosphatase, and β-glucosidase activities were correlated with one another and with TOC, humic acid C, fulvic acid C, water-soluble C, and protein contents, whereas urease activity was correlated with total N, watersoluble C, protein, and ATP contents and dehydrogenase and β-glucosidase activities.
The PCA revealed that 86% of the total variance in the data set could be explained by six principal components (Table 6 ). The first principal component (PC1) accounted for 27% of the variation and had high factor loading (>0.5) for humic acid C, TOC, fulvic acid C, available K, water-soluble proteins, phosphatase activity, dehydrogenase activity, watersoluble C, β-glucosidase activity, and total N. The second principal component (PC2) explained 24% of the variation and was heavily loaded with available micronutrients, pH (negative), EC, basal respiration, and water-soluble carbohydrates (negative). The third principal component (PC3), which accounted for 11% of the variation, had high loading for available P (negative), Mg, and Ca and catalase activity. The fourth principal component (PC4) accounted for 10% of the variation and had high factor loading for microbial biomass C and ATP contents and urease activity. The fifth principal component (PC5), which explained 9% of the variation, was heavily loaded with wheat aboveground biomass and grain yield. Finally, the sixth principal component (PC6) accounted for 6% of the variation and had high factor loading only for protease activity.
The PC1 score, which was mainly associated with organic contents and related enzyme activities, was significantly higher for the soils amended with composts, especially with MSW compost, than for the other treatments (Fig. 3) . The PC2 score, which was mainly associated with higher micronutrient availability and EC and lower pH, was significantly higher for the soils amended with SS, especially with thermally dried SS (Fig. 3) . The soils treated with MSW compost and thermally dried SS, in comparison to SS compost, scored significantly higher on PC4 (Fig. 3) , which was related with higher microbial biomass. The PC3, PC5, and PC6 scores, which mainly resembled macronutrient availability, wheat yield, and protease activity, respectively, were not significantly different between treatments (Fig. 3) .
Conclusions
One-time applications of MSW compost, SS compost, and thermally dried SS did not affect significantly soil microbial size as compared to mineral fertilization and no amendment. However, microbial activity increased in organically amended soils, which may be attributed to the stimulating effect of the added decomposing organic matter. Changes in soil microbiological and biochemical properties showed no significant relationships with wheat yields, probably in part because plant growth and development were primarily water-limited, as typically occurs under production systems in semiarid regions. Further studies on changes occurring in the rhizosphere soil are needed. In general, future research should be focused on bulk soil and rhizosphere microbial diversity as affected by organic amendments used in agriculture, especially by relatively new materials such as thermally dried SS.
